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Pressure Under Different Compression Bandages
G.B. Mosti* and V. Mattaliano
Departments of Angiology and Cardiology, Barbantini Hospital, Lucca, Italy
Objectives. To assess the validity of measuring changes of sub bandage pressure and leg circumference in different body
positions for an in vivo characterization of the elastic properties of bandage systems.
Design. Experimental study.
Materials and methods. Different compression bandages were applied on the leg. The variations of interface pressure and
leg circumference above the inner ankle (that depends on the elastic property of the bandage) were measured simultaneously
by a pressure transducer and by strain-gauge plethysmography in 50 patients. Stiffness is defined as the increase of pres-
sure per increase of circumference.
Results. The most consistent parameter to differentiate elastic from inelastic bandages was the pressure-difference between
the standing and the lying position corrected for the actual increase of leg circumference (modified static stiffness index,
mSSI; sensitivity and specificity 100%). Neglecting the individual changes of the circumference and considering the
pressure difference alone allows a differentiation which is slightly less accurate (sensitivity 100%, specificity 88%) but
much simpler to use.
Conclusions. The static stiffness index is a useful tool to differentiate elastic from inelastic bandage material even without
correction for the individual increase of leg circumference.
Keywords: Compression bandages; Sub-bandage pressure; Interface pressure; Leg circumference; Stiffness; Stiffness indices.Introduction
The effects of compression are determined by 2
factors: the resulting pressure on the limb and the
stiffness of the bandage characterising the elastic
property of the bandage textile. In the document of
the European Committee for Standardization (CEN)
for medical compression hosiery (MCH) stiffness is
defined as the pressure increase, produced by MCH,
per 1 cm of increase in leg circumference.1 A recent
Consensus document2 provides us with recommenda-
tions in order to measure interface pressure and
reports different methods to calculate the stiffness of
a compression device.3e9 The Static Stiffness Index
(SSI)3 is calculated by subtracting the supine interface
pressure from the standing pressure in the medial gai-
ter area where the tendinous part of the gastrocne-
mius muscle turns into its muscular part (measuring
point B1). This is the recommended site2 for sub-
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increase of circumference by standing up and by
walking as demonstrated in previous studies.4,11 SSI
disregards the circumference increase moving from
lying to standing position as it is not measured but
arbitrarily assumed to be 1 cm.
The aim of our work was to investigate whether
a more clear-cut differentiation between bandages
could be achieved when the actual increase of the
leg circumference is taken into account compared to
the simple SSI. We wished to establish if SSI is suffi-
cient to characterise the elastic properties of different
kinds of compression material and if other indices,
calculated during calf muscle contraction, can achieve
better discrimination between elastic and inelastic tex-
tiles compared with the indices calculated with the
simple standing test.
Materials and Method
50 patients (22 male; 28 female, mean age 54 years,
SD 10, range 32e74 years) affected by varicose
veins (CEAP C2-3 EpAsPr), were investigated;rved.
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The patients were informed about the investigation
and consented to their participation in this study.
Application of volume- and pressure-sensors
and test description
The strain gauge and the pressure probes were placed
at the point B1 of the leg (Fig. 1). The pressure probe
was placed proximally to the strain gauge on the me-
dial aspect of the calf behind the tibia. The trans-
ducers were covered with a layer of tubular gauze
(tg-grip) in order to avoid diverse friction on the pres-
sure and volume probes. Simultaneous recording of
pressure and circumference started after the applica-
tion of the different bandages. After 1 minute of re-
cording the patient carried out 3 dorsiflexions in the
supine position and then stood up. Once the pressure
and volume values reached the ‘‘steady state’’, the
patient was asked to perform 10 tiptoes.2
Measuring devices
We used the Kikuhime (TT Medi Trade, Soleddet 15,
DK 4180 Soro) with the small probe (3 cm in diameter)
connected to a computer continuously to measure the
sub bandage pressure. The accuracy and precision of
Kikuhime have already been described3 and con-
firmed in our laboratory. A strain gauge plethysmo-
graph (Angioflow2, Microlab, Padua, Italy) with an
indium-gallium alloy probe was used to measure
the leg circumference; the relationship between elec-
trical resistance of the gauge and limb volume change
is well documented and makes strain gauge suitable
to record ‘‘changes in circumference of the part to
which it is applied’’10. Calf circumference was
Fig. 1. Position of strain gauge and pressure probes in B1.calculated according to the formula DV/V¼ 2DC/C
(V¼ volume; C¼ circumference). Pressure and cir-
cumference signals were sent to a 4-channel poly-
graph for simultaneous, real time recording.
Compression materials and bandaging techniques
The following bandages were applied according to
our method used in clinical practice:
 Dauerbinde K (long stretch bandage)
 Proguide (two layer long stretch bandage)
 Lastoban over padding layers (multilayer medium
stretch bandage)
 Rosidal Sys (multilayer short stretch bandage)
 Raucodur cohesive over a padding layer (multi-
layer short stretch bandage)
 Zinc paste over a padding layer and an outer layer
of Peha-haft a cohesive, retention, short stretch
bandage (multilayer inelastic bandage).
A 5 m long Dauerbinde K was applied in three
ways:
- directly on the skin, without any protective pad-
ding, in a spiral manner, with an overlap of 50 to
70% depending on leg volume, and a stretch of
about 70% (DK);
- using figures of eight with 70e80% stretch (DK 8);
- superimposing two bandages tightly stretched
and completely extended exerting a pressure up
to more than 100 mm Hg (2 DK).
This technique was used to study the differences in
stiffness of the elastic bandage according to the appli-
cation technique and the resting pressure under full
stretch. This method cannot be used in clinical prac-
tice since it would not be tolerated by the patient
due to the extremely high resting pressure.
All other bandages were multilayer, multicompo-
nent bandages using different materials.
Proguide (Prog) and Rosidal Sys (Ros s) were ap-
plied following the manufacturer’s recommendations.
Lastoban (Las), Raucodur C (Ra C) were applied on
top of a protective layer made up of a gauze bandage
on the skin, cotton wool-padding and Peha-haft. The
bandage was applied in a spiral manner with an over-
lap of 50e70% and completely extended.
The Zinc Oxide bandage was applied with the in-
terposition of a protective layer made up of a gauze
bandage and cotton padding; three zinc oxide ban-
dages (7 meters each) were applied with the unrolling
technique; on top of the bandage a loose Peha-haft
was used for protection.
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Changes of sub bandage pressure and of leg circum-
ference at B1 were measured simultaneously during
the following manoeuvres:
 supine position with 3 dorsiflexions
 standing up from the supine position
 tip-toeing, 10 times.
Circumference and pressure indices were assessed
by simple subtraction of their respective baseline
value from the maximum value produced by these
manoeuvres.
From these data ‘‘modified (m) indices’’ are calcu-
lated by a correction of the sub bandage pressure
changes for the actual increase of the leg circumfer-
ence created by each individual bandage (Table 1).
Statistics
The results were submitted to statistical analysis us-
ing a one-way analysis of variance with Tuckey’s mul-
tiple comparison test. Differences with a p< 0.05 were
considered statistically significant. The distribution
curves to identify the cut-offs for the different indexes
was carried out with MatLab (The MathWorks,
Natick, Ma).
Graph Pad Prism, version 4, software (Graph Pad,
San Diego, CA) was used to generate the graphs.
Results
Limb circumference
The leg circumference increases by standing (SCI),
dorsiflexion (DCI) and tip toeing (TTCI) with all the
bandages; the highest increase occurs under the elas-
tic Dauerbinde K independently of the application
technique (Fig. 2). There is a wide overlap of valuesEur J Vasc Endovasc Surg Vol 33, April 2007between the different bandages during dorsiflexion,
standing or tiptoeing so that no clear differentiation
between elastic and stiff bandages can be made based
on the plethysmographic parameters (Table 2). Pro-
guide, consisting of elastic materials, showed circum-
ference variations close to those seen under inelastic
bandages without a statistically significant difference.
Sub bandage pressure
The average resting sub bandage pressure varies be-
tween 40 and 70 mmHg (Fig. 3a) depending on ban-
dage textile and strength of application; it increases
during dorsiflexion (DPI; Fig. 3b), standing (SSI,
Fig. 3c), and tip toeing (TTPI, Fig. 3d). The elastic
Dauerbinde K shows a modest increase of pressure in-
dependently from the application method. Stiff ban-
dages (Rosidal sys or Zinc paste) show significantly
higher pressure increase (p< 0.001) in spite of compa-
rable resting pressures (Table 2). Finally we observed
a linear correlation between the standing pressure and
the maximum pressure during tip-toeing in all the
tests carried out with all the bandages (Pearson
r¼ 0.986) (Fig. 4).
The patients didn’t report any significant discom-
fort caused by bandaging as they remained bandaged
only for the time necessary to carry out the measure-
ments except when a double Dauerbide K was ap-
plied with full stretch: this bandage was intolerable
even for only a short period.
Modified stiffness indices
The modified indices mSSI (Fig. 5a), mDPI (Fig. 5b)
and mTTPI (Fig. 5c) show the same trend as the pres-
sure indices: lower values with elastic bandages com-
pared to stiff ones (p< 0.001) (Table 2).
It can be seen that clear cut-off lines may be drawn
between elastic (Dauerbinde) and inelastic material
with Proguide halfway between them.Table 1. Calculated indices; the indices in the first two columns are calculated by subtracting the maximum circumference or pressure
during dorsiflexion and standing by the baseline value (DCI, SCI, DPI, SSI) and the maximum circumference and pressure difference
during tip toeing (TTCI, TTPI); the indices in the last column represent the subbandage pressure changes corrected for the actual
increase of leg circumference
Circumference Pressure Pressure/Circumference
Dorsiflexion DCI (DC-BC) DPI (DP-BP) mDPI: DPI/DCI
Standing SCI (SC-BC) SSI (SP-BP) mSSI: SSI/SCI
Tip toeing TTCI (maximal circumference
difference during tip toeing)
TTPI (maximal pressure
difference during tip toeing)
mTTPI: TTPI/TTCI
DCI: Dorsiflexion Circumference Index; DC: Dorsiflexion Circumference; BC: Baseline Circumference; SCI: Standing Circumference Index;
SC: Standing Circumference; BC: Baseline Circumference; TTCI: Tip Toe Circumference Index; DPI: Dorsiflexion Pressure Index; DP: Dorsi-
flexion Pressure; BP: Baseline Pressure; SPI: Standing pressure Index; SP: Standing Pressure; BP: Baseline Pressure; TTPI: Tip Toe Pressure
Index.
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Fig. 2. Standing (SCI), dorsiflexion (DCI) and tip- toe circumference index (TTCI): difference of circumferences between
standing and supine, dorsiflexion and supine and maximum and minimum value during tiptoe, respectively. The indices
are greater with elastic (DK) than with stiff bandages. Proguide, considered elastic, shows circumference variations in the
range of stiff materials. It is impossible to identify well defined cut offs between stiff and elastic materials. DK: Dauerbinde
K spiral; DK8: Dauerbinde K figure of 8; 2DK; double Dauerbinde K; Prog: Proguide; Las: Lastoban; Ros s: Rosidal sys; Ra C:
Raucodur cohesive; Zn Ox: Zinc Oxide.Sensitivity and specificity of the different indices
Defining the Dauerbinde K as an elastic bandage and
comparing its indices with those of the other ban-
dages for sensitivity and specificity to differentiate
elastic from inelastic material can be calculated. Table 3
Table 2. Statistical significant differences between elastic bandage
(prototype Dauerbinde K, DK) and Proguide, and between elastic
bandages (DK) and examples for inelastic material (Rosidal sys,
and zinc paste)
Plethysmographic
indices
DK vs
Proguide
DK vs
Ros sys
DK vs Zinc
paste
DCI P< 0.001 P< 0.05 P< 0.001
SCI P< 0.001 P< 0.001 P< 0.001
TTCI P< 0.01 P< 0.01 P< 0.001
Pressure indices
DPI n.s. P< 0.001 n.s.
SSI n.s. P< 0.001 P< 0.001
TTPI n.s. P< 0.001 P< 0.001
Modified pressure indices
mDPI P< 0.01 P< 0.001 P< 0.001
mSSI n.s. P< 0.001 P< 0.001
mTTPI n.s. P< 0.001 P< 0.001
n.s.¼ no significant difference.reports cut offs, sensitivity and specificity, positive
and negative predictive values of all the indices:
mSSI and mTTPI show the highest degree of sensitiv-
ity, specificity and positive and negative predictive
values compared to all other indices. SSI shows
a slightly lower specificity and positive predictive
value compared with mSSI and the same sensitivity
and negative predictive value.
Discussion
The stiffness of a bandage system is very important. A
stiff bandage produces higher standing and working
pressures even starting from a relatively low pressure
and this is reflected in greater comfort for the patient.
A high standing pressure is able to reduce the diameter
in the deep veins and occlude them intermittently
while walking, thus preventing venous reflux and
reducing ambulatory venous hypertension. Therefore,
a stiff bandage has a significant haemodynamic effect
on the reduction of oedema, of venous volume, reflux
and ambulatory venous hypertension.6,12e20 In spite
of their clinical and haemodynamic relevance theEur J Vasc Endovasc Surg Vol 33, April 2007
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Fig. 3. Resting pressure in the supine position, difference between dorsiflexion and resting (DPI), between standing and
resting (SSI) and between maximum and minimum pressure during tip- toe (TTPI). No well defined cut off for DPI and
TTPI can be identified between elastic and stiff materials. Abbreviations for the bandages: see legend of Fig. 2.measurements of sub-bandage pressure and stiffness
do not achieve the recognition they deserve: they are
never mentioned by the manufacturers and only rarely
quoted in clinical trials in which different compression
devices are compared leading to considerable uncer-
tainties concerning the assessment of specific
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Fig. 4. Correlation between standing pressure and maximal
pressure during tip- toe in all examined patients and with
all tested bandages.Eur J Vasc Endovasc Surg Vol 33, April 2007compression products. Only in vivo measurements of
pressure and calf circumference will allow us to assess
the physical properties of a compression device (espe-
cially when several layers and materials are used) al-
though some methodological problems have to be
taken into account. Recently simple instruments to
measure the sub-bandage pressure in vivo have been
devised2 and it has been shown that stiffness can be as-
sessed by subtracting the supine from the standing
pressure (SSI) or by the difference between the pressure
peaks due to dorsiflexion (DPI) and tiptoeing (TTPI)
and the resting pressure. These ‘‘pressure indices’’ dis-
regard completely the increase of the leg circumference
caused by calf muscle contraction, the driving force of
the pressure increase during standing or active
movements.
The main goals in our study were to investigate
if the simple pressure differences during such ma-
noeuvres are good enough parameters to differenti-
ate the elastic properties of some compression
materials or if other indices that take calf circumfer-
ence into account are necessary. We tried to find out
if indices derived from calf muscle contraction had
a higher sensitivity and specificity in differentiating
between elastic and inelastic bandages when com-
pared with simple standing. This was done by
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Fig. 5. Modified stiffness indices relating to a pressure increase per increase of leg-diameter during standing (mSSI), dorsiflexion
in the supineposition (mDPI) and tip- toeing (mTTPI). For all the indices it is possible to define clear-cut off between stiff and elas-
tic bandages. Proguide is in themid-range betweenelastic and stiffmaterials. Abbreviations for the bandages: see legend of Fig. 3.comparing the pressure differences (‘‘pressure-indi-
ces’’) with ‘‘modified indices’’ corrected for the indi-
vidual increase of leg circumference. We also looked
at the changes of the leg circumference alone that
were measured by plethysmography, testing the po-
tential value of these plethysmographic indices for
a characterization of the elastic behaviour of the dif-
ferent bandages. The circumference increase during
the test (dorsiflexion, standing, tip-toeing), is in-
versely proportional to the stiffness of the bandage:the stiffer the bandage, the lower the circumference
increase. Proguide, a multilayer, multicomponent,
bandage, considered elastic, results in a low circum-
ference increase in the same range of inelastic ban-
dages (Fig. 2) showing a good restraining capacity
that makes it intermediate between elastic and in-
elastic bandages.
In spite of significant circumference difference be-
tween elastic and inelastic bandages (p< 0.001), the
plethysmographic parameters DCI, SCI and TTCI,Table 3. Cut off values for the different parameters differentiating elastic from inelastic material
Plethysmographic
indices
Cut off
elastic/inelastic
Sensitivity
(%)
Specificity
(%)
Positive
predictive value
Negative
predictive value
DCI 4.8 60 91 0.83 0.75
SCI 3.9 81 91 0.87 0.86
TTCI 4 67 88 0.80 0.92
Pressure indices
DPI 18 95 79 0.77 0.96
SSI 10 100 88 0.86 1.00
TTPI 17 95 95 0.93 0.96
Modified pressure indices
mDPI 38 98 100 1.00 0.98
mSSI 28 100 100 1.00 1.00
mTTPI 38 100 100 1.00 1.00
Values lower than indicated are able to define elastic material with a sensitivity and specificity designated in the respective columns.
Positive and negative predictive values are also shown.Eur J Vasc Endovasc Surg Vol 33, April 2007
482 G. B. Mosti and V. Mattalianohave a poor sensibility and specificity in differentiat-
ing elastic from inelastic bandages because of a widely
overlapping data (Fig. 2 a, b and c; Tables 2 and 3) and
not useful in assessing assess bandage stiffness. In
contrast the pressure indices and the modified pres-
sure indices allow differentiation between elastic
and inelastic material (Figs. 3,5; Tables 2 and 3) Sub
bandage pressure increase during dorsiflexion, stand-
ing and tiptoeing and the increase is much higher
with short stretch bandages, compared to elastic
ones. Interestingly, elastic Dauerbinde K always main-
tains the same low stiffness characteristics even when
applied with different techniques and with very dif-
ferent resting pressures. In contast, the inelastic Zinc
Oxide bandage exerts a much higher standing and
working pressure (and therefore higher SSI) than the
elastic Dauerbinde K even when both bandages are
applied with the same resting pressure. The addi-
tional information obtained by using the ‘‘modified
pressure indices’’ consists in an noticeable increase
of the sensitivity and specificity regarding the differ-
entiation between short and long stretch material
especially when stiffness indices during muscle con-
traction are taken into account (Table 3). mSSI shows
an increase of specificity and positive predictive value
when compared to the simple SSI. However plethys-
mography is not available in all phlebological labora-
tories, it is also time consuming and impractical. This
makes the calculation of modified indices unrealistic
in routine clinical practice.
Discrimination between the elastic properties of
various types of bandages is not achieved in the indices
derived from dorsiflexion and tiptoeing compared to
the indices calculated during standing (both pressure
and modified). In particular pressure measurement in
the standing position is easier to standardise than
during exercise, canbeperformedwith simplepressure
transducers and gives a valuable indicator for dynamic
peaks during movement (Fig. 4). Therefore we do not
need movement-related measurements and can limit
our observations to the simple standing position
readily achieved by all patients. For these reasons we
recommend continued use of the SSI in clinical practice
and calculation of the mSSI for research purposes
when maximum sensitivity and specificity need to be
achieved.
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